Tuberculosis (TB) is one of the leading infectious diseases in adults, causing around 2 million deaths annually (18) . The human immunodeficiency virus pandemic and the emergence of resistant strains of the causative bacilli have led to an elevated incidence of TB (3) . New diagnostic methods for early detection of TB are urgently needed to replace or support identification of sputum-positive cases. Intradermal skin tests using Mycobacterium tuberculosis purified protein derivative (PPD) have proved to be unreliable because PPD is a poorly defined mycobacterial antigen mixture that contains antigens which are common to strains from the M. tuberculosis complex, environmental nontuberculous strains, and the vaccine substrain Mycobacterium bovis bacillus Calmette-Guérin (BCG) (5) . Thus, the value of PPD skin testing for TB diagnosis is questionable.
In the early or active phase of infection, secreted proteins are produced by metabolically active mycobacteria (1) . The M. tuberculosis-specific early-secreted antigenic target 6-kDa protein (ESAT-6) stimulates T cells from TB patients to proliferate and produce gamma interferon (IFN-␥) (6, 7, 10, 11, 14, 16) . ESAT-6 has been considered a possible candidate for use in the diagnosis of TB because of its high specificity and sensitivity (1, 2) . Therefore, we investigated the frequencies of human IFN-␥ spot-forming cells (SFCs) reactive to ESAT-6 by using the highly sensitive enzyme-linked immunospot (ELISPOT) assay in order to define host sensitivity to M. tuberculosis infection in recent converters to PPD skin test positivity and in patients with active TB.
Peripheral blood mononuclear cells (PBMCs) were obtained from 16 [RCs] and who had had positive PPD skin tests (diameter of induration, Ͼ15 mm) less than 6 months before the study was initiated. No RC had signs or symptoms of TB, and all were immediately treated with anti-TB chemotherapy; therefore, there is no evidence of development of the disease in these individuals. PBMCs from 15 untreated Caucasian TB patients at the Chest Hospital Heckeshorn-Zehlendorf (Free University of Berlin, Berlin, Germany) were collected after informed consent was obtained. Active pulmonary TB was confirmed by culture of M. tuberculosis from sputum, or by PCR in those patients without positive cultures, and the extent of disease was assessed by X-ray (4). The investigation protocol was approved by the Ethics Commission of the Free University of Berlin.
We compared the numbers of IFN-␥ SFCs reactive to recombinant ESAT-6 protein (3 g/ml; kindly provided by M. L. Gennaro, Public Health Research Institute, New York, N.Y.), lysed M. tuberculosis H37Ra (3 g/ml; Difco Laboratories, Augsburg, Germany), or synthetic ESAT-6 peptides (10 g/ml; see below) in HDs, RCs and TB patients by ELISPOT assay (9) . Anti-human IFN-␥ monoclonal antibodies (MAB285; R&D Systems, Wiesbaden, Germany) and goat biotinylated anti-human IFN-␥ antibodies (BAF285; R&D Systems) were used to detect IFN-␥-producing cells. In order to define specific responses to ESAT-6 in more detail, we analyzed proliferative responses and IFN-␥ SFCs of HD and RC PBMCs cultured with overlapping synthetic peptides of ESAT-6 (Fig. 2) . Overlapping synthetic peptides of ESAT-6 were prepared by Jerini Bio Tools GmbH (Berlin, Germany), using a modified synthesis protocol, on an ABI 433A peptide synthesizer (Applied Biosystems, Weiterstadt, Germany) as previously described (16) . The amino acid sequences of the ESAT-6 synthetic 20-mer peptides that span the ESAT-6 sequence are shown in Table 1 . For proliferation assays, PBMCs (10 6 /ml) were incubated in 96-well plates with ESAT-6 (3 g/ml), lysed M. tuberculosis (3 g/ml), or synthetic ESAT-6 peptides (10 g/ml) for 5 days and cultures were pulsed with [ 3 H]thymidine for the last 18 h. Figure 2A shows that after 5 days, T-cell proliferative responses of PBMCs from RCs were preferentially directed against P1, P2, and P7, while HD PBMCs did not respond. Thus, the proliferative response of PBMCs from RCs, but not HDs, exhibited a preferential recognition of the N-terminal synthetic peptides of ESAT-6, similar to that of T cells from patients with active TB, as previously shown (16) . However, the ELISPOT assay shows a broader pattern of recognition for the overlapping synthetic peptides of ESAT-6 in RC (Fig. 2B) . Our data indicate that PBMCs from RCs recognize several epitopes of ESAT-6, particularly those at the N terminus, and suggest that the ELISPOT assay is more sensitive than measurement of proliferative responses.
The present investigation has focused on the potential use of ESAT-6 for early diagnosis of TB infection. New tests for diagnosis of TB should be both highly sensitive and specific to allow the identification of active infection or paucibacillary disease. Our results show that numbers of IFN-␥ SFCs reactive to ESAT-6 are increased in patients with active TB and, to a lower but significant extent, in RCs. Of importance, positive T-cell responses to ESAT-6 do not distinguish individuals with active disease from those previously infected with M. tuberculosis. However, the occurrence of low levels of IFN-␥-producing cells in response to ESAT-6 in PPD-negative HDs, compared to higher levels of SFCs in PPD-positive RCs, may indicate either past M. tuberculosis infection in HDs, latent TB, or recent infection with M. tuberculosis where PPD responses are not yet detectable. Furthermore, recognition of overlapping synthetic ESAT-6 peptides by T cells from RCs encompasses regions within the ESAT-6 molecule similar to that recognized by T cells from TB patients (16) . Recently, it has been shown that PBMCs from Ethiopian TB patients express a pattern of reactivity similar to that seen in RCs in our study (11) . Thus, our data indicate a parallel between the positive responses to ESAT-6 in RCs and TB patients and suggest that ESAT-6 may have potential for use as an antigen in the diagnosis of subclinical as well as active TB (1) .
Different secreted mycobacterial antigens have been used for diagnostic purposes (1) . MPT64, which is specific for the M. tuberculosis complex, has been used in skin tests of immunized animals and humans, but results have been controversial (12) . The recent identification of regions of the M. tuberculosis genome that are absent in BCG provides a unique opportunity to develop new and highly specific diagnostic reagents (8, 19) . Both ESAT-6 and the closely linked antigen CFP10 have consistently been shown to be promising candidates for TB diagnostics due to their high degree of specificity and sensitivity (7, 10, 11, 13, 16, 17) . Our data further support the possibility of using ESAT-6 for detection of early subclinical and active TB and for monitoring of the disease.
